of 10 min was used; to minimize instrumental baseline effects, reference spectra of duration 5 min were taken at right ascensions ± 5 min from the position. The final line profiles were smoothed to a velocity resolution of 8 km s" 1 . Figure 1 shows the distribution of line temperature at velocity intervals of 8 km s"'. The first map shows the associated distribution of continuum emission; to facilitate comparison with the line distributions the contour level at 1.0 K is reproduced (dashed curve) on each line map. The peak continuum temperature (at Sgr A) is 7.5 K.
A comparison of the maps in Figure 1 with the results of Paper I shows general similarities in the distribution of the emission, but differences in detail. Although the line emission still tends to be concentrated to the outer edge of the continuum arc, the displacement is not as marked as seen previously. The reason for this lies in a displacement of the position of the continuum emission ridge between the two sets of observations. This is a consequence of the different angular resolutions rather than different frequencies, because the continuum distribution at 14.7 GHz is similar to that of Pauls and Mezger (1980) at 5 GHz, made with about the same resolution. In further agreement with our earlier results, the systematic variation of velocity along the arc is still present, the location of the peak line emission moving north and east with increasing velocity. However, the variation is less pronounced than before, and the emission is concentrated in clumps with velocities near -50, -20, +20 and +60 km s" 1 . Emission at the most positive velocities was not seen previously. No significant line emission was detected towards Sgr A itself, but our spectral coverage would have been insufficient to delineate the wide recombination lines (150 km s" 1 halfwidth) reported in this direction (e.g. Pauls et al. 1974) .
In Figure 1 the strongest line emission occurs for the clump at -20 km s"\ located 9 s east and 12' .3 arc north of Sgr A. It has a peak intensity of 0.13 K and a velocity halfwidth of 35 km s" 1 . Although it is on the continuum arc it is not centred on a continuum maximum; rather it is located between maxima. The LTE electron temperature, assuming that all the associated continuum emission is thermal, is about 7000 K, i.e. about half the value found previously. The lower value probably results from a reduction in the proportion of nonthermal emission in the telescope beam, a consequence of both higher frequency and higher angular resolution. Similar values (7000-10000 K) were estimated for other cases of well-defined line emission. It is of interest that these values are not much lower than those derived by Pauls and Mezger (1980) for 5 GHz emission. The location of the emission between + 40 and + 70 km s" 1 is not consistent with the conclusions of Pauls and Mezger. In Figure 1 it does not participate in the systematic variation described earlier but appears to extend out from Sgr A, maximizing 10-15' arc north of Sgr A. One might speculate that this emission is associated with the well-known ' +40 km s~" molecular cloud observed near Sgr A.
The most puzzling feature is the displacement between the distributions of the line and continuum emission. Downes et al. (1978) have observed a number of compact continuum components near the continuum arc. Although they are in general concentrated to the outer edges of the arc, they appear unrelated to the line emission. An interpretation of the results could be in terms of an expanding arc of continuum emission which either triggers star formation and subsequent ionization at its leading edge or sweeps up interstellar matter which has been already ionized by stellar radiation. Behind the leading edge the electron temperatures may be increased, resulting in lower recombination line emission, which would lead to a displacement between recombination line and continuum distributions. If the arc were part of a supernova remnant (Downes et al. 1978) , the compact continuum components could be likened to the 'knots' observed in the high-resolution maps of other remnants. For a remnant with expansion velocity of 40 km s" 1 , shell radius 35 pc (0' .2 arc at the distance of Sgr A), and an ambient density of > 1 cm" 3 , the energy involved (see e.g. Heiles 1979) exceeds 10 51 erg, a typical value for remnants. As an alternative (see Paper I), the arc may have been ejected from Sgr A; the velocity of ejection together with the rapid galactic rotation near the nucleus could result in a systematic radial velocity variation. Downes, D., Goss, W. M. Schwarz, U. J., and Wouterloot, J. G. A., Astron. Astrophys. Suppl. Ser., 35, 1 (1978) . Gardner, F. F., and Whiteoak, J. B., Proc. Astron. Soc. Aust., 3, 150 (1977) . Heiles, C, Astrophys. J., 229, 533 (1979) . Pauls, T., and Mezger, P. G., Astron. Astrophys., 85, 26 (1980) . Pauls, T., Mezger, P. G., and Churchwell, E., Astron. Astrophys., 34, 327 (1974) .
A Radio Continuum Survey of Southern E and SO Galaxies at 2.7 GHz and 5.0 GHz
E. M. Sadler, Mount Stromlo and Siding Spring Observatories, ANU
The reason why some early-type galaxies contain powerful radio sources is not yet well understood, but it is often suggested that an external factor such as interaction with a neighbouring galaxy may be involved in triggering a radio source (Gisler 1976 , Dressel 1981 , Hummel 1981b . Radio emission may be enhanced in galaxies which have a close companion for several reasons, such as a gravitational perturbation or the possibility of gas accreted from the companion fuelling a central source. The latter effect might be expected to be more pronounced in elliptical galaxies, which are generally gas-poor (Faber and Gallagher 1976) . Several previous radio surveys of paired galaxies have been carried out, in particular by Sulentic (1976) and Stocke (1978) ; but in most cases the sample used contained only a small fraction of early-type galaxies. Disadvantages common to most
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Contributions 455 of these surveys were the fact that the distances of many of the galaxies were unknown, the samples were often incomplete and selected on a subjective basis, it was unclear what constituted a suitable comparison sample of unpaired galaxies, and the telescopes used were often unable to resolve the two components of a galaxy pair. The survey of Hummel (1981a) for spiral galaxies provides the only unambiguous evidence for radio emission in paired galaxies, suggesting that spiral galaxies with companions are both more likely to show radio emission and are on average a factor of two more powerful than similar unpaired spirals.
As part of a larger study of the radio and optical properties of early-type galaxies, I have carried out a radio survey of a complete sample of about 250 E and SO galaxies. The sample includes all such galaxies south of -32°, to a limiting magnitude of 14.0. The redshift of each galaxy has been measured, and UBV photometry has been obtained for most of the galaxies. Hence it is possible, since the distances of all the galaxies are known, to discuss absolute quantities such as radio power and optical luminosity, rather than detection rates. Because the sample is fairly large, the properties of 'normal' E and SO galaxies can be defined, and then by choosing a subsample with a particular property (for example, galaxies with a close companion), it is possible to compare the radio luminosity function of the sub-sample with that of the sample as a whole.
The survey was carried out at two frequencies using the Parkes 64m telescope. Each galaxy was observed at least once at 2.7 GHz (11 cm). A scanning procedure ensured that any source within about 4' arc of the galaxy position would be detected, so that sources would not be missed if either the galaxy position or the telescope pointing was slightly in error. Detected galaxies were re-observed at 2.7 GHz if time permitted, and all the detected galaxies were later observed at 5.0 GHz (6 cm) so that a radio spectral index could be measured. Although most of the sources were unresolved by the Parkes telescope at both frequencies, the spectral index can be used to distinguish compact (nuclear) sources from more extended emission (Condon and Dressel 1978) . For each detected source, a radio position accurate to 0.3' arc was measured from the 5.0 GHz scans, and an optical position accurate to 0.1' arc was measured using overlays on the ESO(B) sky survey. The confusion from background sources can be estimated by comparing the number of sources actually observed at 2.7 GHz with the background density of sources quoted by Wall et al. (1971) from the Parkes 2.7 GHz survey. Each of thirty-nine sources brighter than 25 mJy was located within 2.0' arc of the optical centre of a survey galaxy, compared with an expected 3.5 background sources, so that each of these sources has a very high probability of being physically associated with the galaxy. The number of observed sources more than 2.0' arc from galaxy centres was consistent with the expected number of background sources. Thus the detection rate at 2.7 GHz was about 15%.
A useful way of describing the radio properties of one or more samples is by means of the fractional luminosity function (FLF) defined by Hummel (1981b) . The advantage of this function is that, unlike the classical maximum volume method Figure 1 . Bivariate luminosity function for all sample galaxies. (Felten 1976) , it includes the upper limits of undetected galaxies as well as the detected galaxies, so that all available information from the survey is used. Figure 1 shows the bivariate luminosity function for the sample galaxies binned in four intervals of absolute magnitude (calculated using H 0 = 100 km s" Mpc" 1 ). The fraction F(> P) of galaxies having radio power greater than or equal to P W Hz"
1 is plotted against log P. It is clear that the radio luminosity function is strongly dependent on absolute magnitude, in agreement with previous studies (Colla et al. 1975 , Ekers 1976 , Auriemmaer al. 1977 . Twenty-eight E and SO galaxies which belong to isolated pairs (paired with an E, SO or spiral galaxy) have a FLF as shown in Figure 2 . If gravitational perturbation by a companion is important in triggering a radio source, then the effect should be most pronounced in binary galaxy systems, where such perturbations are presumably present over a long time scale. The galaxies in the paired sub-sample are taken from a more detailed study of elliptical galaxies in binary systems currently in progress. A comparison with the FLF for unpaired galaxies shows a difference which is significant at the 0.001 level (using the Kolmogorov-Smirnov test, Siegel 1956) in the sense that paired galaxies are on average about ten times more powerful as radio sources than unpaired galaxies. However, this difference can be accounted for by the different optical luminosity functions of the paired and unpaired galaxies. When the sample of 28 paired galaxies is matched with a second sub-sample of 56 unpaired galaxies having the same distribution of absolute magnitude, morphological type and distance (also shown in Figure 2 ), there is no significant difference between the two FLFs.
The results of this study strongly indicate that, unlike the case for spiral galaxies (Hummel 1981a) , the galaxy environment appears to have little influence on the formation of radio sources in elliptical and SO galaxies, and there is no evidence for excess radio emission from paired galaxies.
1 am grateful to John Whiteoak for much helpful advice during the planning of the survey and reduction of the data, and also for his invaluable assistance during the observing runs at Parkes.
Introduction
It is now firmly established that a small anisotropy of the galactic cosmic rays exists, observable from Earth as a variation of intensity in sidereal time. The problem now is to determine more clearly the characteristics of the anisotropy and, in particular, its detailed spatial structure and how it depends upon the energy and composition of the cosmic rays. This is a very difficult task and, in the final analysis, may not be fully achievable from Earth-based observations. The purpose of the present paper is to describe briefly an installation now operating in Tasmania to provide further information on the spatial structure of the anisotropy.
The effect was discovered by observing the sidereal time variations of the intensity both of muons at deep underground sites (Fenton and Fenton 1975; Bergeson et al. 1979) , corresponding to primary cosmic ray energies of ^ 10 12 eV, and of air showers at mountain altitudes (Nagashima et al. 1975; Gombosi et al. 1975) , corresponding to primary energies of 10 13 -10 14 eV. The effect has been confirmed by Bercovitch and Agrawal (1981) and by Alexeenko et al. (1981) .
In the energy range of 10 12 -10 ,4
eV the sidereal daily variation of intensity is about 0.05% with a time of maximum of about 00 hr R.A. In spite of the very low intensity of cosmic rays in this energy range, it has been possible to construct detecting equipment with large enough sensitive areas to yield counting rates in the range 10M0 5 per hour and hence to obtain the required statistical accuracy to observe the effect. For energies below about 10 12 eV the complicating effects of the solar system magnetic field render it difficult for an observer within the solar cavity to determine the galactic anisotropy, while for energies above about 10 14 eV it has proved difficult to gather adequate statistics to demonstrate the effect unambiguously (Hillas 1981) .
Among the reasons for the interest in observing this tiny effect is the fact that an anisotropy would be expected from the motion of an observer relative to the galactic cosmic ray gas. One such cause of relative motion is the expected streaming of cosmic rays out of the Galaxy, believed to occur in times of the order of 10' years for low energy particles (10 8 -10 9 ev) and in appreciably shorter times for more energetic particles (cf. Parker 1971; Fenton 1975; Stephens 
